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Abstract 38 
Elatine gussonei (Sommier) Brullo et al. is a rare freshwater plant previously assumed 39 
to be endemic to Lampedusa and the Maltase archipelago. Taxonomic uncertainties 40 
within the Elatine genus may have caused E. gussonei populations to be overlooked in 41 
the Mediterranean region. To clarify the distribution of E. gussonei, we reviewed 42 
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Elatine specimens from 12 herbaria and conducted eight field surveys in Mediterranean 43 
countries. Through our herbarium review we documented previously unknown 44 
occurrences of E. gussonei from Portugal, Spain, France, Algeria, Egypt, Cyprus and 45 
Israel. Additionally, in field studies we found populations from Cyprus, Morocco and 46 
Spain. Elatine gussonei is therefore more widespread than previously assumed, 47 
although the species still has a scattered distribution around the Mediterranean and 48 
many of the records are old. We found intact E. gussonei seeds in the faeces of 49 
migratory Greylag Geese (Anser anser) collected in southern Spain, suggesting that E. 50 
gussonei has a high capacity for long distance dispersal. 51 
Keywords: aquatic plant, macrophyte, conservation, endozoochory, distribution, 52 
overlooked species, herbaria, Mediterranean temporary ponds, natural history 53 
collections, waterwort 54 
 55 
1. Introduction 56 
 57 
Plant species of the class Isoëto-Nanojuncetea are rare elements of the European 58 
flora, and many are threatened by extinction (Bilz et al., 2011; Lukács et al., 2013). The 59 
genus Elatine L. suffers from taxonomic uncertainty due to a high degree of phenotypic 60 
plasticity (Mason, 1956; Molnár et al., 2015), and the distribution and habitat 61 
requirements of different species are unclear. The different species are distributed 62 
mostly in the northern hemisphere, predominantly in areas with a temperate climate, but 63 
the size of their known geographical range varies from extensive (e.g. E. alsinastrum 64 
L.) to very restricted (e.g. E. gussonei (Sommier) Brullo et al.). The clarification of 65 
taxonomic status and the reliable assessment of distribution is required for the effective 66 
conservation of any species (Primack, 2010). Mapping distributions also allows us to 67 
answer fundamental questions in ecology, such as patterns of abundance, rarity, or 68 
species richness at different spatial scales (Baselga et al., 2012).  69 
Elatine gussonei (Fig. S2) was first described as E. hydropiper var. gussonei 70 
Sommier based on the shape of the seed and the length of flower pedicels (Sommier, 71 
1908), and was later classified as a separate species (Brullo et al., 1988). It is rare and 72 
threatened, and was considered to be endemic to the archipelago of the central part of 73 
the Mediterranean Basin (Lampedusa and Malta; Sommier, 1908; Mifsud, 2006; 74 
Kalinka et al., 2014) until new locations were recently discovered in Sicily (Molnár et 75 
al., 2014; Minissale and Sciandrello, 2014). According to the IUCN Red List 76 
(Lansdown, 2011), the population trend of E. gussonei is decreasing and the total area 77 
of occupancy is unlikely to exceed 100 km2. As part of ongoing research into the 78 
taxonomy, biology and distribution of Elatine species in Europe we visited several 79 
suitable habitats and reviewed existing herbarium sheets. Here, we report new records 80 
of E. gussonei around the Mediterranean region which indicate a major extension of the 81 
previously recognized distribution. According to our recently published molecular 82 
phylogeny (Sramkó et al., 2016), E. gussonei is clearly a separate species. Samples from 83 
Sicily, Morocco and Spain form a monophyletic group, whereas samples from 84 
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Lampedusa and Malta are clustered together with E. macropoda Guss. due to recent 85 
hybridisation between the two species (Sramkó et al., 2016). Unfortunately, Sramkó et 86 
al. (2016) failed to point out this hybrid lineage E. gussonei × macropoda in their paper. 87 
If this hybrid lineage is excluded, E. gussonei is delimited as a monophyletic entity. 88 
The main aims of our study were 1) to clarify the distribution range of E. gussonei in 89 
the Mediterranean Basin and 2) to report evidence for long-distance dispersal capacity 90 
which helps to explain its scattered distribution over an extensive range. 91 
 92 
2. Materials and methods 93 
 94 
Distribution data of E. gussonei were obtained from field sampling and the 95 
examination of a total of 293 specimens (Table 1) deposited in 12 herbaria (Table S1). 96 
We studied herbarium sheets of Elatine taxa with opposite leaves and tetramerous 97 
flowers that were collected in the Mediterranean. 98 
Field sampling campaigns were conducted in Morocco, Portugal, Spain, Malta, 99 
Sicily, Sardinia, Lampedusa and Cyprus. During field sampling, we visited those sites 100 
of E. gussonei identified from the reviewed herbarium sheets, and we searched suitable 101 
habitats (temporary and permanent ponds) for the species in surrounding areas.  102 
Because vegetative characteristics show high overlap between Elatine species 103 
(Mifsud, 2006; Molnár et al., 2015), we paid particular attention to the seeds, to ensure 104 
correct identification. The main differentiation characters between the tetramerous 105 
Elatine species in Europe are observable in the seed curvature and the reticulation on 106 
the testa (Molnár et al., 2015) (Fig. S1). These characters were evaluated according to 107 
the identification key presented by Popiela et al. (2017). Namely, the specimens which 108 
have seeds with (80–)180–247(–347)° curvature on average, and have 17–23(–32) 109 
hexagonal pits in the middle row of the seed reticulation, were recorded as E. gussonei.  110 
In late winter (12 February 2016), we collected 10 faecal samples of Greylag Goose 111 
(Anser anser) from Caño de Rosalimán in Doñana National Park (N 37.07513°, W 112 
06.39077°) in southern Spain, where E. gussonei was recorded according to our 113 
reassessment of herbarium sheets. The mean mass of each sample was 1.99 g (range 114 
0.69–6.53 g). Samples were closely inspected to avoid contamination from soil or plant 115 
parts before placing them in individual plastic bags and storage at 5 °C until processing. 116 
Faeces were washed in a 100 μm sieve with deionised water. Sieved contents were then 117 
inspected with a Zeiss microscope to locate seeds. After the separation, we immediately 118 
conducted germination tests by placing all seeds on moistened filter paper in Petri-119 
dishes. The paper was regularly irrigated during the tests. The Petri-dishes were placed 120 
in a germination chamber with a 12 h:12 h photoperiod. During the light period the 121 
temperature was 22 °C and during the dark period it was 18 °C. Seeds were checked 122 
daily for germination for 30 days. 123 
 124 
 125 
3. Results and Discussion 126 
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 127 
Taxonomic and biogeographical research of phenotypically plastic species is 128 
particularly important for species of conservation importance such as E. gussonei. We 129 
reviewed 293 sheets of the tetramerous species of the Elatinella section in 12 herbaria 130 
(Table S1). For 85 sheets (29%), we could not make a reliable identification mainly due 131 
to the lack of seeds. We found E. gussonei in 79 sheets with seeds, but most of them (74 132 
specimens, 94%) had been misidentified. Altogether we identified 59 localities (Table 133 
S2). 27% of reviewed herbarium sheets (38% of the sheets with seeds) were classified 134 
as E. gussonei. Table 1 provides the taxon-names under which E. gussonei had been 135 
misclassified. We detected mixed specimens (E. gussonei + E. macropoda) in two cases 136 
(Table S2). 137 
Our study indicates that E. gussonei has a considerably wider geographic distribution 138 
than formerly assumed and is quite widespread around the Mediterranean (Fig. 1). 139 
Beyond the previously known distribution (Lampedusa, Malta, Sicily) we found current 140 
populations in Morocco (Ben Slimane, N 33.61388°, W 07.10129°), Spain (Casar de 141 
Cáceres, N 39.55333°, W 06.42000°) and Cyprus (Peyia, N 34.88473°, E 32.35952°; 142 
Neo Chorio, N 35.01505°, E 32.30002°), and through the revision of herbarium 143 
material, we identified previously unknown sites from Portugal, Spain, France, Algeria, 144 
Egypt, Cyprus and Israel. Since most of the herbarium data originated before 1950, the 145 
current status of E. gussonei in these sites should be assessed. The extent to which E. 146 
gussonei has been under-recorded is illustrated by the fact that it has until now been 147 
overlooked in the Doñana wetlands in SW Spain, despite the fact that this area has been 148 
extensively studied (Green et al., 2016b). 149 
In line with previous statements (Sommier, 1908; Mifsud, 2006; Molnár et al., 2014; 150 
Minissale and Sciandrello, 2014), E. gussonei mainly prefers limestone rock pools (Fig. 151 
S3 A–C). Besides that, we observed the presence of E. gussonei along muddy 152 
lakeshores (Fig. S3 D) and in temporary pools (Fig. S3 E). Based on the labels of the 153 
herbarium sheets, E. gussonei also prefers marshes (Algeria, Egypt), oxbows, ditches 154 
and temporarily inundated depressions (France) (Table S2). Extensive overlap in the 155 
distribution, ecology and morphology of E. macropoda (Mifsud, 2006; Popiela and 156 
Łysko, 2010) and E. gussonei has obviously contributed to the high frequency of 157 
misidentifications. At the same time, the single suitable distinctive feature, namely the 158 
seed morphological characters identified by Sommier (1908), have been widely ignored 159 
until now. Unfortunately, identification keys for Mediterranean Elatine taxa erroneously 160 
suggest that E. macropoda may have strongly curved (like a horseshoe) seeds (e.g. 161 
Cirujano and Velayos, 1993), leading to general confusion of the two species. Although 162 
seed curvature of E. gussonei can vary within certain limits, hybridisation increases the 163 
level of variability observed. For example, the Maltese samples, which are clearly 164 
hybrids between E. gussonei and E. macropoda (Sramkó et al., 2016) have less curved 165 
seeds (see Fig. 5 of Sramkó et al., 2016; Fig. S1). Although Sramkó et al. (2016) clearly 166 
demonstrated monophyly and lack of hybridization for Spanish, Moroccan and Italian 167 
samples of E. gussonei, molecular studies are required to confirm that there are no 168 
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hybrids in the new E. gussonei localities we have identified during the herbarium 169 
revision.  170 
These new distribution data of E. gussonei bring into question the presence of E. 171 
hungarica in Portugal, where it is reported as an introduced species (Uotila, 2009). This 172 
report from Portugal originated from Cook (1968) and Greuter et al. (1986) but the 173 
source of the data is unknown. Our results suggest that this record refers to E. gussonei. 174 
These two taxa are morphologically very similar and distinguishable almost exclusively 175 
by the reticulation of the seed surface (Molnár et al., 2015; Popiela et al., 2017). 176 
Moreover, molecular analyses revealed that E. hungarica represents a northern Eurasian 177 
clade (subsect. Hydropiperia), while E. gussonei are set in a Mediterranean clade 178 
(subsect. Macropodae) within the Elatinella section (Sramkó et al., 2016).  179 
There is a shortage of previous information on how plants of the genus Elatine 180 
disperse, partly because these small seeds are so easily overlooked. Water (hydrochory) 181 
is likely to be a major means of local dispersal. E. triandra can disperse by hydrochory 182 
during flooding within a restored floodplain (Hayashi et al., 2012). At a broader scale, 183 
birds are likely to be the most important means of dispersal. Kerner von Marilaun and 184 
Oliver (1895) collected mud from nests of swallows, snipes, wagtails, jackdaws and 185 
found seeds of E. hydropiper embedded within the mud. Molodovsky (1971) found the 186 
same species in the digestive tract of Eurasian teal Anas crecca. Migratory waterbirds 187 
are likely to be particularly effective vectors for Elatine species (Green et al., 2016a).  188 
In Doñana, an average of 50,000 Greylag Geese spend the winter, making frequent 189 
daily flights of 5–20 km between feeding and roosting sites (Rendón et al., 2008). At 190 
the time of our sampling in February, the geese were already beginning their return 191 
migration, making non-stop flights to central and northern Spain (Ramo et al., 2015). 192 
The geese we sampled were eating mainly Cyperaceae (Bolboschoenus maritimus and 193 
Schoenoplectus litoralis) tubers (Amat and Varo, 2008) within the temporary marshes 194 
of Doñana (Green et al., 2016b) and they readily swallow small seeds within the 195 
sediments in an incidental manner. Three of the ten faecal samples from geese from 196 
Spain had E. gussonei seeds, with a combined total of seven seeds. In addition, two 197 
Charophyceae oogonia and one seed of Callitriche truncata were found. None of the 198 
propagules germinated within 30 days. The seeds and oogonia from the seed bank may 199 
have been old, of low viability, or with a dormancy that is hard to break, and this may 200 
explain why no E. gussonei seeds germinated. On the other hand, each sample 201 
represented only a small fraction of daily faeces produced by each bird (Hahn et al., 202 
2008). Since there are so many geese and ducks in Doñana (Rendón et al., 2008), our 203 
results suggest that E. gussonei seeds are frequently dispersed by migratory waterbirds. 204 
There are still relatively few studies of seed dispersal by waterfowl (Green et al., 2016a) 205 
and we have no data to compare the dispersal potential of other Elatine species. 206 
 207 
 208 
3.1. Conclusions 209 
 210 
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Previous underestimation of the wide geographical range of E. gussonei may be 211 
explained by several factors. Firstly, Mediterranean temporary rock pools are 212 
understudied habitats. Callitriche pulchra, which grows in similar habitats, has also 213 
recently been shown to have a much wider geographic area and lower extinction risk 214 
than previously reported by Lansdown et al. (2016). Secondly, the high degree of 215 
morphological variability (i.e. environmentally induced phenotypic plasticity) of Elatine 216 
species contributes to taxonomic uncertainties and can cause misidentification by 217 
researchers using out-of-date identification keys (Molnár et al., 2015). Therefore, the 218 
great number of misidentifications and the belief that such a rare species cannot grow 219 
far from areas within the known range can lead to a bias in the known distribution 220 
pattern. The revision of the most similar species, as we conducted in several herbaria, 221 
can resolve such issues and reveal new sites. Thirdly, the strong potential for seed 222 
dispersal by waterbirds supports the likelihood for a more extensive distribution area. 223 
This suggests that E. gussonei can readily disperse over long distances, therefore further 224 
biogeographical investigations are required in its potential habitats across the 225 
Mediterranean, especially in North Africa. 226 
 227 
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Figure captions 335 
 336 
 337 
 338 
Figure 1. Revised distribution of Elatine gussonei based on herbarium and field records 339 
(highlighted with yellow and red marks, respectively).. 340 
 341 
 342 
 343 
 344 
 345 
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Tables 347 
 348 
Table 1. The number of reviewed sheets and the number of sheets where Elatine 349 
gussonei was found, sorted by the original taxon name on the labels. 350 
 351 
Taxa name on the label 
Number of 
reviewed 
sheets 
Number of 
sheets with 
seeds 
Number 
of E. 
gussonei 
sheets 
Proportion of 
misidentified 
E. gussonei 
sheets (%) 
E.  macropoda 190 128 36 28 
E. campylosperma (incl. 
hydropiper var. pedunculata; 
hydropiper f. campylosperma) 
74 63 33 52 
E. gussonei (incl. hydropiper var. 
gussonei) 
6 5 5 0 
E. major 8 5 2 40 
E. aquatica 1 1 1 100 
E. hydropiper 7 2 1 50 
E. fabri 6 3 1 33 
E. hardyana 1 1 0 0 
 352 
